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The brown pigment granules contained in the eggs of the sea urchin, 
Temnopleurus Juwdwicki, were moving in saltatory motion before fertilization. 
After fertilization, the major part of them migrated to the egg periphery, on which 
they were anchored. The remaining pigment granules gathered around the 
aster. The pigment granule-movement was inhibited with cytochalasin B, but 
not with colchicine. The pigment granules anchored to the egg cortex were 
liberated by the treatment with cytochalasin B. Thus, the behavior of the 
pigment granules seems to relate to the organization of microfilaments. The 
pigment granules migrated normally in the eggs activated parthenogenetically 
with ionophore A23187. This agent induced the pigment granule-migration 
independently of ionic composition in external media. 
INTRODUCTION 
The brown pigment grannies are contained in the inner cytoplasm of the 
unfertilized egg of sea urchin, Temnopleu1·us hardwicki. After fertilization the 
major part of them migrate to the egg periphery and then are anchored there. 
The pigment granules remaining in the inner cytoplasm gathered around the aster 
when aster was framed (OSANAI 1963, 1964, 1969). OsANAI (1963, 1964) suggested 
that this pigment granule-migration is one of endoplasmic events depending on 
the ectoplasmic activation which is indicated by cortical changes. When the 
Tmnnoplewrus eggs formed partially the fertilization envelope, the pigment 
granules were able to migrate only in the regions near the envelope-elevated surface. 
This report deals with the pigment granule-migration to analyze the events indicat-
ing the endoplasmic activation depending on the ectoplasmic activation in the 
sea urchin eggs. 
MATERIALS AND METHODS 
Gametes; Eggs and sperms of Temnopleurus hardwicki were discharged by m-
jection of 0.5 M KCI. Eggs were washed once or twice with sea .water. Sperm 
was collected by centrifugation and diluted sperm suspended in sea water was used 
for insemination (final concentration l0-4-l0-5 in dilution). 
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T1·eatment with colchicine and cytocha-lasin B; Stock solut ion of colchicine (5 X 
10- 3M) was diluted with sea water prior to use (5x10- 4 M). Unfertilized eggs 
were p laced in 5 X 10- 4M colchicine for 5 minutes, and then inseminated in the 
same solution. Cytocl1alasin B was dissolved into dimethyl-sulfoxide (DM:SO) as 
stock solution (200 flgfml ). Stock solution was diluted in sea water prior to 
use (2 ftgfml). Unfertilized eggs were exposed to 2 flgfml cytochalasin B for 5 
minutes and then inReminated in the same solution. 
Cent1·ifuging ex7Jer·iments; The suspensions of unfertilized eggs and 
fertilized eggs 10 minutes after insemination were placed on l ml of 1 M sucrose 
solution and centrifuged at 11,000 G for 5 minutes. To examine the effect of cyto-
chalaRin B, ferti lized eggs were incubated in cytochalasin B (2 flg fml in sea water) 
for 10 minutes following 10 minutes after insemination, and then centrifuged with 
above-mentioned method . 
PaTthenogenetic activab:on media; Antibotic ionophore A23187 (Eli Lilly) 
was dissolved in DMSO as stock solution (5 X 10-4 M). Stock solution was diluted 
with sea water or with the various ionic solut ions (final concentration 5 X 10- 6 1\1:). 
The solutions tested were as follows: Single salt solutions of 5/9 M NaCl, 10/27 M 
Na2S04 , 5/9M KCl, 10/27 lVI NgCl2 and 10/27 M Ca.Cl2 ; Na-free (1) (10/27 M MgCl2 
5.8 ml, 10/27 M CaCI2 0.16 ml. 5/9 m M KCl 0.1 ml), Na-free (2) (11\'I glycerine 
5 ml, 10/27 M lVIgCl2 0.8 mg, 10/27 lVI Ca.Cl2 0.16 ml, 5/9 lVI KCl 0.1 ml), K-free 
(5/9 lVI NaCl 5 ml, 10/27 lVI lVIgCl2 0.8 ml, 10/27 lVI CaCl2 0.16 ml), Mg-free 
(5/9 lVI Na.Cl 5 ml, 10/27 lVI CaCl2 0.16 ml, 5/9 lVI KCl 0.1 ml), Ca-free (5/9 M Na.Cl 
5 ml, 10/27 lVI MgCl2 0.8 ml, 5/9 M KCl 0.1 ml, EDTAll l mM) and Ca-1\'Ig-free 
(5/9 lVI NaC15 ml, 5/9 M KCl 0.1 ml, EDTA l mM). These solutions were adjust-
ed to pH 8.0 with 0.3- 0.5 mM of tris-(hydroxymethyl)-aminomethane. Unfertilized 
eggs were washed with each saline solution and then incubated in the solution 
containing ionophore A23187. 
RESUJ~TS 
Pigment gmnule movement in urife?·tilizecl and fertilized egg 
Pigment granules were distributed in the inner cytoplasm of the unferti lized egg 
(Fig. 1). These granules did not attach to the cortex and were undergoing saltatory 
movement in random direction. ~Within 5 minutes after inl'lemination the major 
part of the pigment granules began to migrate towards the egg periphery. When 
the unfertilized eggs were centrifuged, all pigment granules were moved towards 
the centrifugal pole. In t be fertilized eggs lO minutes after insemination, the 
pigment granules reamined for the cortex except for the centripetal pole zone after 
centrifugation. This shows that the pigment ·granuleR migrated to the egg periphery 
are anchored to the cortex. The remaining pigment granules in t he inner cyto-
1) ~>thylenediaminetetraacetic acid 
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a b c 
]'ig. 1. The migration of pigment granules after fertilization. 
a : Unfertilized egg ; Pigment granules were dispersed in egg cytoplasm. b : Fertilized 
egg 20 min utes after insemination; Majority of pigment granules migrated to t he egg 
periphery and remaining pigment granu les gathered a round monaster. c : Same egg 
as b, photographed wit h sha llow focus. X 280 
plasm gathered around the aster and were divided into the da ughtor blastomeres 
wit h astral division. 
Effects of colchicine ancl cytochalasin B 
The unfertilized eggs exposed to colchicine for 5 minutes were inseminated. 
'fhe fertilization envelope was formed and the pigment granules migrated to the 
egg periphery by 20 minutes after fertilization (Table l) The eggs did not form 
tP.e aster and did not cleave. 
The saltatory movement of the pigment granules in unfertilized eggs was 
inhibited by cytochalasin B. The unfertilized eggs treated with cytochalasin B for 
Table l. 
Effects of colchicine and cytochalasin B on fertilization and 
migration of pigment granules 
I Formation of I Migration of Aster Agen t fertilization pigment 
formation envelope granu les 
Colchicine" 5 x 10- 4 M 100 % 100 % -
Cytochalasin B 21 2 ugfml 42 41 + 
DMSO 1% 31 100 100 + 






l ) : Eggs were inseminated in colchicine-sea water after pre-incubation for 5 minutes . 
2) : Eggs were inseminated in cytochalasin B-sea water after pre-incubation for 5 
minutes. 3) : Eggs were inseminated in the sea water containing 1% DMSO (same 
concentration as that in cytochalasin B-sea water) after pre-incubation for 5 min-
utes. The formation of fertilization envelope and migration of pigment granules 
were counted 20 minutes after insemination. Aster formation and cleavage were 
observed 60 1uinutes after insemination. The marks, - and -1- , mea.ns that no egg 
and the majority of eggs underwent aster formation or cleavage, respectively . 
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5 minutes were inseminated . Fertilization envelopes were formed in 42% eggs 
(Table 1}, though they were often irregular (Fig. 2}. The migration of pigment 
granules was markedly inhibited (Fig. 2, Table 1}. The fertilized eggs did not 
cleave though the aster was formed. 
a b 
c d 
Fig. 2. Fertilized egg t reated with cytochalasin B (20 minutes after insemination). 
Eggs t reated with 2 p,gfml cytochalasin B for 5 minutes and then fertilized in the 
same solution. Formation of fertilization envelope was irregular or regressive (a, b). 
Pigment granules did not migrate (b, d ). b and d, same egg as a. and c, photographed 
with shallow focus. X 300 
Pigment granules in centrifuged eggs 
To examine whether the pigment granules anchored to the egg cortex are 
liberated by the incubation with cytochalasin B, the fertilized egg were suspended 
in cytochalasin B-sea water and then centrifuged. All pigment granules were 
gathered into centrifugal pole (Fig. 3-e, f,}. This shows that some structure 
anchoring the pigment granules to the egg cortex is destroyed with cytochalasin B. 
The eggs were elongated by centrifugation. The recovery from the elongated form 
was faster in the fertilized eggs than in the unfertilized ones. The fertilized eggs 
incubated in cytochalasin B sea water after fertilization were solwer in the form 
recovery. 
Effects of ionic composition in activating medium 
When unfertilized eggs were incubated in normal sea water containing iono-
phore A23187, the fertilization envelope was parthenogenetically formed and most 
PIG.MENT GRANULES IN SEA URCHIN EGG 217 
a CF b 
c d 
e f 
F ig. 3. Pigment grannies in the centrifuged egg. a, b: Unfertilized egg was cent rifuged. 
All pigment granules were gathered into centrifugal pole. c, d: Fertilized egg (10 
minutes after insemination was centrifuged. Many pigment granules remained at the 
egg periphery except centripetal pole region. e, f: F ertilized egg (10 minutes after 
insemination) was treated with cytochalasin B and t hen centrifuged . All pigment 
granules were gathered into centrifugal pole. OF <tnd CP indicates centrifugal and 
centripetal pole respectively. b, d <tnd f, same egg as a, c a.nd e, photographed with 
shallow focus. Centrifngal force : 11,000 G for 5 minutes. X 300 
of the pigment granules migrated to the egg periphery in all eggs by 10- 20 minutes 
after the :incubation. 'l'he monaster was formed in many eggs by 20 minutes, and 
the pigment granules remaining inward gathered around the monaster. lVIany eggs 
showed the contraction in a limited region of the surface. A few eggs also under-
went irregular cleavage 50- 60 minutes after incubation. 
When eggs were incubated in various saline solutions containing ionophore 
A23187 , the fertilization envelope elevated in 95-100% eggs by 20 minutes after 
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Table 2. 
Formation of fertilization envelope and migration of pigment granules in the 
eggs activated with A23187 in various ionic solution 
Solution 
5/9 .M NaC! 
10/27 M Na,SO, 
5/9 M KCI 
10/27 M MgCI, 



































Formation of fertilization envelope and migration of pigment granules 
were counted 20 minutes after incubation with ionophore A23187. 
* Formation of fertilization envelope could not be counted. 
incubation. In Ca-free and Ca-Mg-free solutions the envelope formation was 
hard to be counted because the elevated envelopes were very thin and faint. The 
pigment granules migrated to the egg periphery in 95-100% eggs by 20 minutes 
after incubation in all solutions tested (Table 2). Monaster formation, surface 
contraction and irregular furrows could sometimes be observed in solutions except 
for Na-free (2) solution. 
DISCUSSION 
The brown pigment granules, undergoing the saltatory movement, are dis-
tributed uniformly in the inner cytoplasm of the unfertilized eggs of the sea urchin, 
Temnopleurus hardwiclci. After fertilization, the major part of them migrate 
outward, being anchored to the egg cortex, and the remaining pigment granules 
gather around the aster. Similar behavior has been reported on the echinochrome 
granules in the eggs of Arbacia punctulata (PARPART 1953, 1964). ENDO (1978) 
asserted that the brown pigment granules of the Temnopleu1·us eggs are homologous 
with the echinochrome granules of the Arbacia eggs. PARPART (1953, 1964) has 
observed that the motion of the pigment granules was independent of the 
cytoplasmic stream and that decreasing temperature remarkably repressed the 
motion of the pigment granules though decreasmg temperature leads to an increased 
in the sol-structural character of cytoplasm. He suggested that the motion of 
the A1·bacia echinochrome granules may be associated with contractile fibrils in egg 
cytoplasm. BELANGER and RuSTAD (1972) observed that cytochalsin B inhibited 
the saltatory movement and the postfertilization-migration of the echinochrome 
granules, and they suggested the possibility that the contractile fibrils are microfila-
ments. The movements of the Temnopleurus pigment granules were also inhibited 
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with cytochalasin B, but not with colchicine. Furthermore, the pigment granules 
anchored to the egg cortex were liberated with cytochalasin B. These results 
support the suggestion of BELANGER and RuSTAD (1972). 
OsANAI (1963, 1964) showed that the migration of the Temnopleurus pigment 
granules is one of the events showing the endoplasmic activation depending on the 
ectoplasmic activation, which is indicated by cortical changes. The migration of 
the pigment granules may pe attributed to the directed arrangement of microfila-
ments, which is possibly one of earlier endoplasmic events following the ectoplas-
mic changes. 
Calcium ionophore A23187 is known as a parthenogenetic agent to sea urchin 
eggs (STEINHARDT and EPEL 1974). The Temnopleu1·us eggs were also activated 
parthenogenetically with ionophore A23187. Ionophore A23187 induced pigment 
granule migration independently of ionic composition of external media in which 
ionophore was dissolved. This result shows that the Temnopleu1·us eggs do not 
require definite cations in external medium for pigment granule-migration. Thus, 
the pigment granule migration in sea urchin eggs does not seem to relate to the 
flux of definite ions, but with intracellular calcium, which is released by fertilization 
and by parthenogenetic activation (STEINHARDT et al. 1977). 
We are grateful to Dr. R. HAMILL of Eli Lilly Co., Indianapolis, Indiana for 
providing antibiotic ionophore A23187. 
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